The extracts of Psoralea corylifolia L. were often used for the repigmentation of leukoderma (vitiligo) in traditional Uygur medicine thousands years ago. Nowadays, its active ingredient, furocoumarins, has been clinically applied since it exhibited strong photosensitivity. Thus, a new series of furocoumarin derivatives (8a-8o) containing 1,2,3-triazole were designed and synthesized based on our previous work. After biological evaluation for melanin contents and tyrosinase activity in B16 murine cells, the SAR was summarized. The results indicated that five compounds (8a, 8j, 8m-8o) were more potent than the positive control (8-MOP) on melanogenesis. Among them, 8a and 8o showed the best stimulating effect on tyrosinase activity as well, and were submitted for further pharmacological study of anti-vitiligo.
Introduction
Vitiligo is an acquired pigmentary disorder of the skin characterized by circumscribed depigmented macules due to the destruction of the melanocyte and subsequent obstruction of melanin synthesis (Fig. 1) .
1,2 The prevalence of vitiligo is oen referred to as 0.5-2% of the world's population. 3 The origin of vitiligo is thought to be a complex interplay of genetics, environment, oxidative stress, and autoimmunity. 4, 5 And the autoimmune theory is the leading hypothesis that is supported by strong evidence. 6 In humans, melanin is the primary determinant of skin color and thought to protect skin cells from UVB radiation damage, reducing the risk of cancer. 7 It is produced by melanocytes which are found in the basal layer of the epidermis and regulated by enzymatic cascade, including tyrosinase (TYR), tyrosinase-related protein 1 (TRP-1) and tyrosinase-related protein 2 (TRP-2).
8 Among them, TYR is the rate-limiting enzyme and is mainly involved in two distinct reactions of melanin synthesis: rstly, the hydroxylation of a monophenol and secondly, the conversion of an o-diphenol to the corresponding o-quinone.
9,10
Presently, there are several drugs used for the treatment of vitiligo including photosensitizer (8-MOP, khellin), topical corticosteroids (dexamethasone), calcineurin inhibitors (tacrolimus), vitamin D3 analogs (tacalcitol), 11 and JAK inhibitors (ruxolitinib, baricitinib, tofacitinib) ( Fig. 2) , which are oen used for myelodysplastic disorders, were recently proven to be efficacious for vitiligo based on a large number of clinical cases.
12,13
Traditional Chinese medicine is an important source of modern drugs. In Uygur medicine, the extract of Psoralea corylifolia L. (Fig. 3 ) was oen used for repigmentation of vitiligo with natural sunlight and initially recorded in 'Yao Yong Zong Ku' around 300 years ago. Its active ingredient, (Fig. 4) . Further research proved that these compounds exhibited strong photosensitivity, 14 which may be benecial for the repigmentation of skin with subsequent exposure to long-waved ultraviolet radiation. 15 In spite of some undesired side effects, 16, 17 the therapy is still the most effective way to treat the disease today.
Unfortunately, the targets of furocoumarin for the therapies was still unknown due to the complexity of pathogenesis, and few derivatives with anti-vitiligo activity were reported.
18-20
During past few years, many molecules with superior effect on melanogenesis and tyrosinase activity were isolated or synthesized by our group. [21] [22] [23] [24] The preliminary SAR of furocoumarins on vitiligo was outlined in Fig. 5 based on these studies.
1,2,3-Triazole and its derivatives showed particular promise as amide bond isosteres, given their diverse biological properties and facile synthesis from readily available azide and alkyne. [25] [26] [27] [28] The moiety is stable to metabolic degradation and capable of hydrogen bonding, which could be favorable in binding of biomolecular targets and increasing water solubility.
29
As depicted in Fig. 5 , it is quite clear that more structure modication should be proceed on C-5 position of the furocoumarin to improve this efficiency. Thus, a new series of derivatives containing 1,2,3-triazole group was synthesized, which may be developed as better candidates for the vitiligo.
Results and discussion

Chemistry
The synthetic route for the target compounds is outlined in Scheme 1. First, the commercially available material resorcine was converted to the desired intermediate 4-methylumbelliferone 1 at a 92% yield via Pechmann reaction. 30, 31 Then, Williamson reaction between 1 and 2-bromoacetophenone in the presence of potassium carbonate afforded intermediate 2, which was cyclized in 4% KOH ethanolic solution to form 3.
32
Selenium dioxide was applied in selective oxidation of compound 3 to produce 5-carbaldehyde 4. Aer that, it was further reduced with NaBH 4 to achieve alcohol 5 in 76% yield. 33, 34 Bromination and azidation of hydroxy with PBr 3 and NaN 3 successively gave the key intermediate 7. Finally, compound 7 was converted to the target 8a-8o through click chemistry with different alkyne a-o. 35 
Biological evaluation
Compounds 8a-8o were evaluated for their activity on melanin synthesis in murine B16 cells, with a known method.
36
According to the results in Fig. 6 , the reference drug 8-MOP enhanced the melanin synthesis by 126.03 AE 2.97% at 50 mm as compared to the blank control. Most of synthesized compounds could increase the melanin content, especially for 8a, 8j, 8m-8o, which were more potent than the positive control (8-MOP) with a value from 134% to 211%. For example, derivatives bearing EDG (8l-8o) on benzene exhibited a stronger effect than unsubstituted 8k. The OCH 3 group contributed more than CH 3 to the activity, such as 8o > 8m, 8n > 8l. And it seemed that the para-position may be superior for the substituent to improve melanin synthesis (8m > 8l, 8o > 8n). Among these halogenated derivatives (8a-8j), ones with -Cl and -Br showed higher activity compared with -F (8a, 8j > 8g, 8b > 8h). The position of the halogen on benzene also played an important role for their efficacy, the shi of -Cl substituent from the para-(8a, 166%) into the ortho-or meta-position led to 8b (118%) or 8c (106%) separately, which induced a decreased value in melanin content. The similar result was observed in compounds 8g and 8h, substituted with -F group as well. However, introduction of a second -F or -Cl to the benzene may not strengthen this ability (8a > 8d-8f, 8g > 8i), and it is apparent that the presence of a halogen group in the para-position of the phenyl ring was crucial for melanogenesis (8d > 8f > 8e).
Aer that, all these derivatives were further studied for their stimulating effect on tyrosinase. 37 As shown in Fig. 7 , only two compounds (8a, 8o) showed a higher value than 8-MOP. And it can be noticed that the -Cl, and -OCH 3 groups might be favorable to enhance the activity among these monosubstituted compounds, since the value of them were all over 110% (8a-8c, Fig. 3 The plant of the Psoralea corylifolia L. Fig. 4 The structures of the furocoumarins used for vitiligo. Fig. 5 The SAR of furocoumarins on vitiligo.
8n-8o > 110%). Changing the position of -Cl on benzene ring weakened stimulatory efficiency (8a > 8b or 8c), indicating that the presence of a substituent in the para-position may be benecial for the enzyme activation, and it was also applicable for the OCH 3 group (8o > 8n). Nevertheless, dihalide derivatives possessed a lower activity than mono-ones. Additionally, the effect of most potential 8a, 8n, on both melanin synthesis and tyrosinase activity, were positively in a concentration dependent manner as depicted in Fig. 8 .
Experimental
Chemistry
Reagents and solvents were purchased from Sigma, and used without further purication. Thin-layer chromatography (TLC) After that, tyrosinase activity was measured directly. The data are the mean AE SD of three experiments, P < 0.05.
Fig. 8
The concentration dependent manner of 8a, 8o on melanin synthesis and tyrosinase activity. "A", "-" and "Â", ":" means the effect of 8a, 8o on melanin synthesis (in blue) and tyrosinase activity (in red) separately at different concentration in B16 cells.
was carried out on glass plates coated with silica gel (Qingdao Haiyang Chemical Co., G60F-254) and visualized by UV light (254 nm). The products were puried by column chromatography over silica gel (Qingdao Haiyang Chemical Co., 200-300 mesh). Melting points were determined on a Buchi B-540 apparatus and uncorrected. All the NMR spectra were recorded with a Varian 400 MHz NMR spectrometer in CDCl 3 or acetone-d 6 , using TMS as an internal standard. High-resolution mass spectra (HRMS) were recorded on AB SCIEX QSTAR Elite quadrupole time-of-ight mass spectrometry. The IR data were recorded on a Thermo Fisher Scientic Nicolet 6700 FT-IR infrared spectrometer (KBr). 3.1.1 General procedure of preparation of alkyne a-o. To substituted phenol (3.50 mmol) and potassium carbonate (10.5 mmol, 1.45 g) in DMF was added 3-bromopropyne (4.20 mmol, 500 mg) and stirred at 70 C overnight. Then the mixture was quenched with water, extraction was with DCM (20 mL Â 3) and the combined organic layer was washed by saturated sodium chloride solution for three times, dried by anhydrous Na 2 SO 4 and concentrated under reduced pressure to give a oil or solid, which was puried by silica gel chromatography. a: added, and the mixture was heated to 60 C for 4 h. Then, the mixture was poured into cold water, and the precipitate was ltered and dried under reduced pressure. The resulting mixture was recrystallized from methanol to give 1 as white needle crystals. Yield 92%, mp 202-204 C.
Preparation of 4-methyl-7-(2-oxo-2-phenylethoxy)-2H-chromen-2-one (2).
A mixture of 1 (0.88 g, 5.0 mmol) with 2-bromoacetophenone (1.49 g, 7.5 mmol) and anhydrous K 2 CO 3 (1.4 g, 10 mmol) in acetone (50 mL) was reuxed under stirring for 4 h. Aer cooling, the reaction mixture was ltered, and the ltrate was evaporated under reduced pressure. Tyrosinase activity assay. The assay for tyrosinase activity was carried out as previously described, with a slight modication.
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37 B16 cells were seeded in a 6-well plate at a density of 2 Â 10 5 cells per well and allowed to attach for 24 h.
Test samples were then added to individual wells. Aer a 24 h incubation, cells were washed with ice-cold PBS twice, lysed with 1% Triton X-100 solution containing 1% sodium deoxycholate for 30 min at À80 C, each lysate was centrifuged at 12 000g for 15 min to obtain the supernatant. Aer protein quantication and adjustment, 90 mL of the supernatant was incubated in duplicate with 10 mL of freshly prepared substrate solution (10 mM L-DOPA) in a well of a 96-well plate. Then the cells were incubated at 37 C in dark for 60 min, the absorbance was measured at 490 nm and the samples treated cells was presented as percentage against the untreated cells.
Conclusions
In summary, a novel series of furocoumarin derivatives bearing 1,2,3-triazole had been prepared via click chemistry. Two of them (8a, 8o) could not only promote the melanin synthesis, but also the tyrosinase activity in vitro than positive control (8-MOP) in a concentration dependent manner, and the SAR was summarized. In light of our ndings, it may provide scientic guidance for further structural modication of the furocoumarin, even if without knowing the specic targets of the disease. Further studies on action mechanism and animal experiment on transgenic mouse is under way.
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